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Abstract
Background According to some current guidelines,
extended thromboprophylaxis after hip and knee

arthroplasties is recommended. Outpatient prophylaxis
with low molecular weight heparins (LMWH) is an
important part of this prophylaxis, although the rates of
adherence to these regimens is not known.

Questions/purposes We determined (1) the degree of
nonadherence (NA) of patients with LMWH outpatient
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prophylaxis, and (2) whether specific independent factors
explain NA.

Methods NA was determined by syringe count and by
indirect and direct questions to patients. We defined six dif-
ferent NA indicators. To identify factors explaining LMWH
NA, we used three different logistic regression models.
Results NA rates ranged between 13% and 21%
depending on the indicator used for measurement. Patients
who were nonadherent missed between 38% and 53% of
their outpatient LMWH injections. If patients attended an
outpatient rehabilitation program, the probability for their
NA increased substantially. Moreover, the NA probability
increased with each additional day between acute hospi-
talization and start of rehabilitation (linking days). NA was
lower for patients who feared thrombosis or who believed
antithrombotic drugs to be the most important measure in
thromboprophylaxis.

Level of Evidence Level 1I, prognostic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

The importance of medication-based or other forms of
thromboprophylaxis after hip and knee arthroplasties (ie,
major orthopaedic surgery) is well documented [4, 9, 14,
15, 27, 50, 52]. Therefore, thromboprophylaxis has been
included in international guidelines [2, 13, 21, 22]. Current
American College of Chest Physicians (ACCP) guidelines
recommend medication-based thromboprophylaxis for at
least 10 days (Evidence Grade 1A) postoperatively, but
preferably for as much as 35 days (Evidence Grade 1A for
THAs, Evidence Grade 2B for TKAs [2, 13, 21, 22]).
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In Europe, orthopaedic thromboprophylaxis has been
dominated by the use of LMWHs [39]. In Germany, there
is a clear trend toward shorter hospitalization of patients
after major orthopaedic surgery, leading to greater impor-
tance of outpatient thromboprophylaxis [51]. However, the
question arises whether the level of LMWH prophylaxis
adherence in an outpatient setting is sufficient to ensure
effective treatment. This is particularly topical because the
recent introduction of oral direct thrombin inhibitors pro-
vides easier administration and potentially could provide
better adherence [18, 19]. Oral direct thrombin inhibitors
are reportedly as effective as LMWHs [17, 19, 23, 37] but
more cost-effective from a hospital’s perspective [56].
Furthermore, analysis of patients’ preferences showed they
have a clear preference for oral thromboprophylaxis,
especially in an outpatient setting [55].

We identified seven studies reporting NA to LMWH
thromboprophylaxis after surgery, with NA rates ranging
from 5% to 45% [10, 33, 35, 38, 41, 49, 54]. However,
almost none of the studies measured the patients’ NA in
real-world conditions: the studies were conducted in single
centers or the NA measurement conditions failed to reflect
real-world circumstances. Further, NA measurement was
influenced by several factors such as preceding training and
education programs for patients [10, 35, 38, 41, 54], use of
special reporting cards for documentation of injections
administered by the patients to themselves [10, 38], high
frequency of visits by physicians [38], or concurrent testing
of special devices for LMWH injections [33].

Following the WHO definition, medication NA in gen-
eral can be defined as the extent to which a person’s drug-
taking behavior corresponds with instructions from a
healthcare provider [30, 45]. There is no clinically based
NA threshold in thromboprophylaxis, owing to a dearth of
evidence informing the number of LMWH missed injec-
tions that would result in a substantially increased risk of
thrombosis or pulmonary embolism (PE). Therefore, in
accordance with most of the cited publications dealing with
LMWH NA, we defined a patient who was LMWH-specific
nonadherent as one who missed an LMWH injection on at
least one day even though the treating clinic had recom-
mended such an injection. To deal with the uncertainty
concerning the NA threshold, (1) we defined the possible
threshold in terms of alternatives (2 or 3 days), and (2) we
also provide the number of noninjection days for each level
of NA.

Only if the exact causes of NA are addressed is it pos-
sible to formulate an effective adherence program [28, 29,
42]. Existing general medication adherence research shows
a patient’s adherence is influenced by many factors ranging
from sociodemographic, socioeconomic, illness-related,
patient-related, and medication-specific to health system-
related factors [12, 24, 36, 45, 58]. One of the tasks is to
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identify which of these possible causes are important in
LMWH outpatient treatment.

We therefore (1) determined whether there was real-
world NA of patients in LMWH outpatient prophylaxis,
and (2) generated hypotheses concerning which specific
independent factors can explain this NA.

Patients and Methods

We report results of a telephone survey conducted between
June 2008 and February 2009. We interviewed 1495
patients who had major orthopaedic surgery at 22 different
clinics in Germany (Appendix 1). NA was measured using
six different indicators based on the previously mentioned
different NA thresholds. NA reasons were identified based
on multivariate regression models. As parts of our study
were designed to be hypothesis generating, a sample size
power analysis was not conducted. The study protocol was
reviewed and approved by the University of Hannover
ethical board.

To enroll study patients, we invited 106 acute and
rehabilitation hospitals and 77 outpatient rehabilitation
institutions (all referred to as clinics in the following text)
to participate in the study. Each of these institutions is
known to treat at least 100 patients having hip or knee
replacement surgery per year. Ultimately, 10 acute hospi-
tals, four inpatient rehabilitation hospitals, and eight
outpatient rehabilitation institutions identified patients who
had hip or knee arthroplasty for the interviews; all other
institutions refused participation because of the workload
associated with patient enrollment. Our potential sample
included all patients in these clinics who were scheduled
for or already had hip or knee arthroplasty, and who were
able to answer questions in a telephone interview. The
initial sample size (1771 persons) (Fig. 1) was reduced
because 16% (276 patients) refused informed consent or
could not be interviewed because of poor status of health.
Consequently, interviews were performed with 1495
patients (Table 1). Patients refusing interviews were older
than the average for the total sample by 5 years; women
refused interviews with a greater (p = 0.016) frequency
than men (10.6% versus 5.0%).

Concerning the conduct of the study, neither ward
personnel in the clinics nor the patients were informed
about the true objectives of the study. Patients were
interviewed by five trained interviewers using a pretested
electronic questionnaire (Appendices 2-4). Interviewers
had to learn the content of the questionnaire; were edu-
cated in the normal treatment of a patient who had major
orthopaedic surgery after release from the acute hospital;
and were given detailed information regarding thrombosis
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Fig. 1 A flowchart shows the structure of the sample. Analysis of patient NA was performed based on 1315 patients.

medication alternatives available on the market. In addi-
tion, each of the interviewers had to conduct two to five
trial interviews under supervision. The interviewers did
not have medical degrees, because the level of medical
knowledge necessary to conduct the interviews was not
advanced. During each interview, data were documented
online by the interviewers and stored in a Microsoft™
Access™ database (Microsoft Corp, Redmond, WA). To
clarify possible incidences of data inconsistency, each
interview also was saved electronically as an audio file.
The average interview was conducted on the 41st day
(SD, 6.8 days) after surgery; it lasted approximately 10 to
15 minutes.

Clinical parameters were not documented, except for
thrombosis or embolus-related or unspecified complica-
tions the patients faced after surgery. Complications were
not documented for patients who refused the interview or
were unable to participate in the study because of clinical
complications. Consequently, it is likely the number of
general and thrombosis or embolus-related complications
is underestimated.

The specific thromboprophylaxis pathway was identified
for each patient. This was done to allow detailed compar-
ison of the theoretically achievable and actual adherence
profiles. Pathway stages were identified by reference to the
normal course of clinical treatment. Consequently, each
patient’s postoperative pathway contained as many as six
stages during which prophylaxis could be administered: (1)
acute hospitalization, (2) inpatient stationary rehabilitation,
(3) outpatient rehabilitation, and/or (4) at home between
acute hospitalization and inpatient or outpatient rehabili-
tation (linking days), (5) after rehabilitation if prophylaxis
is still needed, and (6) on an outpatient basis without any
rehabilitation. The average desired duration of postsurgery
thromboprophylaxis for each clinic and therefore per
patient group was defined based on the recommendation of
the clinic that enlisted the patient in the study. These rec-
ommendations were provided by the clinics; all clinics
confirmed that they recommended daily injections. The
duration of prophylaxis recommended by the patient’s
clinic was taken to be the minimum possible actual number
of days of recommended treatment. This figure was used as
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Table 1. Descriptive statistics of the total sample and the analyzed subsample

Variable Total sample Subsample (patients needing outpatient
LMWH thromboprophylaxis)

Number of patients 1495 (100.0%) 1315 (100.0%)
Age (years)* 67.9 67.6
Gender
Female 901 (60.3%) 780 (59.3%)
Male 594 (39.7%) 535 (40.7%)
Surgery
Knee arthroplasty 739 (49.4%) 659 (50.1%)
Hip arthroplasty 756 (50.6%) 656 (49.9%)
Rehabilitation after acute hospital stay
Stationary rehabilitation 1118 (74.8%) 958 (72.9%)
Outpatient rehabilitation 354 (23.7%) 341 (25.9%)
Without any rehabilitation 16 (1.1%) 16 (1.2%)
Information not collected 7 (0.4%)
Linking
Yes 843 (56.4%) 826 (62.8%)
No 645 (43.2%) 489 (37.2%)
Information not collected 7 (0.4%)
Duration of linking between acute hospitalization and 3.9 (0-15) 4.2 (0-16)
start of inpatient/outpatient rehabilitation (days)"
Duration of outpatient thromboprophylaxis (days)Jr 8.9 (0-31) 10.9 (1-32)
Duration of acute hospital stay (days,)T 11.8 (6-20) 11.3 (6-17)
Time between surgery and interview date (days)T 41.3 (34-59) 41.0 (34-56)
Recommendation for the duration of thromboprophylaxis (days) 334 (21-42) 33.3 (21-42)
Postoperative complications
No complications 1143 (76.5%) 1123 (85.4%)
Thromboembolic complications 9 (0.6%) 9 (0.7%)
Other complications (not specified) 184 (12.3%) 183 (13.9%)
No information available 159 (10.6%)
Number of different drugs taken per day (not including LMWH)
None 140 (9.4%) 138 (10.5%)
Upto?2 382 (25.5%) 376 (28.6%)
3-5 510 (34.1%) 505 (38.4%)
6-10 264 (17.7%) 259 (19.7%)
> 10 38 (2.5%) 37 (2.8%)
Information not collected 161 (10.8%)
Self-injections during outpatient thromboprophylaxis
Yes 745 (49.9%) 745 (56.7%)
No 570 (38.1%) 570 (43.3%)
Information not collected 180 (12.0%)
Chronic diseases (more than one answer possible)
None 543 (36.3%) 543 (41.3%)
Hypertension 366 (24.5%) 366 (27.8%)
Diabetes (both types) 138 (9.2%) 138 (10.5%)
Rheumatism 38 (2.5%) 38 (2.9%)
Other 294 (19.7%) 294 (22.4%)
Information not collected 180 (12.0%)
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Table 1. continued

Variable

Total sample Subsample (patients needing outpatient

LMWH thromboprophylaxis)

Living circumstances
Living alone
Living with spouse/life partner
Living with children
Other circumstances
Information not collected
Highest achieved education grade
Without any formal apprenticeship
Completed apprenticeship
University degree
Other qualifications
Information not collected

294 (19.7%) 294 (22.4%)

891 (59.6%) 891 (67.7%)
92 (6.2%) 92 (7.0%)
38 (2.5%) 38 (2.9%)

180 (12.0%)

172 (11.5%)
898 (60.1%)
179 (12.0%)
66 (4.4%)
180 (12.0%)

172 (13.1%)

898 (68.3%)
179 (13.6%)
66 (5.0%)

Some patients with no experience of LMWH thromboprophylaxis (warfarin or direct thrombin inhibitors were used) or without obvious
outpatient prophylaxis (because their defined pathway did not include outpatient prophylaxis) were not asked all interview questions; for this
reason, some data are not available for these patients; *values are expressed as means; 'values are expressed as means, with 95% confidence
intervals in parentheses; NA = nonadherence; LMWH = low-molecular-weight heparin.

a comparison with patients’ responses, unless a patient
reported that in his special case more injection days had
been recommended.

For NA analysis, the 1315 patients who underwent
outpatient thromboprophylaxis for at least 1 day were
included (Fig. 1; Table 1). Generally, a patient’s NA can
be measured using direct and indirect approaches [1, 25,
30, 32, 45, 46, 48, 58]. Possible direct methods are face-to-
face observation of patients, and/or measurement of clini-
cal parameters related to drug use. Indirect methods can
include various instruments ranging from medication event
measurement systems, patients’ diaries, methods based on
counting prescriptions, pills or syringes, or prescription
refills, and indirect and direct questioning of patients
regarding NA [11].

A face-to-face observation of 1315 patients is neither
advisable (as it would likely lead to more adherence and
create observational bias) nor can it be implemented in any
real-world study design. Measurement of clinical parame-
ters (blood testing for anticoagulation effects) was
excluded for conceptual (observation bias), clinical, and
practical reasons. The use of a medication event mea-
surement system (MEMS), patients’ diaries, and
prescription and refill counts were seen as impracticable.
Because of the number of participating clinics and patients,
and because of the diversity of patient pathways, the use of
electronically prepared syringes (MEMS) was virtually
impossible. The use of diaries runs the risk of behavioral
change. Regarding prescription counts, patients in
Germany have free choice of the pharmacy to which to take
their prescriptions; prescription count from that side is

extraordinarily complex. Administrative data regarding
number of prescription refills issued could not be obtained
from healthcare insurance providers either.

We used all three remaining defined methods for NA
measurement; syringe counting, indirect, and direct ques-
tioning. On this basis, six NA indicators were defined
(Table 2). This multiple indicator concept is in line with
current recommendations given for adherence measure-
ment [40, 45]. However, there is a certain hierarchy of NA
categories in terms of their predictive capacity (Table 2).

In the current literature regarding NA, five main variable
groups are discussed as factors potentially influencing a
patient’s adherence [36, 45, 58]. Variables representing
each of these categories were included in the multivariate
analysis in this study. Age and gender, general living cir-
cumstances, and highest education grade attained were
used as sociodemographic characteristics. Illness-related
factors used were the type of surgery and the existence and
number of chronic diseases. The patients’ views regarding
thrombosis and thromboprophylaxis were used as variables
representing patient-related influences. The medication-
specific factors used for multivariate design were the
number of different drugs (subdivided into those in
syringes and others) taken by the patient and the duration
of the different steps in the patients’ pathways. Finally, as
healthcare or system-related factors, the specific clinic,
type of clinic enlisting the patient, and pathway-specific
details were used as explanatory variables.

To measure NA (primary study objective), we computed
descriptive statistics and reported the results in percent-
ages. The number of noninjection days is reported as a
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series of arithmetic means and the variation in a group of
patients as standard deviations.

The secondary study outcome was determined using the
aforementioned six NA indicators (Table 2). In total, three
multivariate logistic regression models with different
dependent variables were used; the existence of a strongly
probable NA measured by the categories NA I and/or NA
II (Model 1), the existence of a probable NA by Model 1
plus NA IIT (Model 2), the existence of a possible NA by
Model 2 plus NA IVa, NA IVb, and NA V (Model 3).
Patients were included in Model 3 only if all of the three
remaining NA categories (NA IVa, IVb and V) applied.
Multivariate logistic regression analysis was performed
using backward stepwise elimination to parsimoniously
determine the factors most associated with NA, as follows.
The initial models included all patient-reported factors
(Table 1). In the backward stepwise iterations, regression
terms at a significance level of p > 0.10 were successively
eliminated. To reduce multicolinearity, the duration of
linking was centered, by subtracting the mean from each
value. The logistic regression analyses were adjusted for
age, gender, living circumstances, education, and clinic.

All statistical analyses were performed using STATA® 10
statistical software (StataCorp LP, College Station, TX).
All tests were two-tailed.

Results

Our data show that there is LMWH NA in outpatient
thromboprophylaxis. The LMWH NA rates found in our
sample range from 12.9% to 20.8% depending on the NA
indicator used (Fig. 2; Table 3). Approximately 12.9% of
patients reported that they decided not to inject themselves
or had forgotten at least one injection (NA I or NA II). If
patients were nonadherent in these categories, they missed
6.4 injection days (SD, 7.77 days) on average (43.1% of all
outpatient prophylaxis days). The NA rates based on the
other indicators show there was probably more NA that
patients did not acknowledge directly in the interviews. For
approximately 19.8% of patients, NA could be evaluated as
probable, either because of NA I/NA II or because of a
surplus of syringes (NA III). On average, these patients
missed 5.9 injection days (SD, 6.63 days), ie, 38.5% of all

1315 patients with outpatient LMWH-thromboprophylaxis
NA I Ies No
NAIZ [N 169
(12.9 %) n=1146 (87.15 %)
|
[ |
Yes No
NA Ii?
n=91 (6.92 %) n=1.055 (80.23 %)
| I
[ 1 [ 1
NA Yes No Yes No
WVa? n=91 (6.92 %) n=0 (0.00 %) n=47 (3.58 %) n=1008 (76.65 %)
Yes Mo Yes Mo Yes No Yes Mo
NA
Vb2 n=33 n=58 n=0 n=0 n=17 n=30 n=384 n=624
(2.51%) (4.41%) (0.00 %) (0.00 %) (1.30 %) (2.28%) (29.20 %) (47.45 %)
I [ I I | | | I
[ 1 [ 1 [ ] 1 [ 1 [ ] [ 1
Yes No Yes No Yes No Yes Mo Yes No Yes Mo i L e e
NAV? n=20/[n=13||n=31|[n=27| |n=0||n=0||n=0|[n=0||n=13||n=4||n=14/|n=16| | 22 || 2% || L0 || %
(1.52 || (0.99 || (2.36 || (2.05 (0.00 | | (0.00 || (0.00 || (0.00 || (0.99 || (0.30 | |(1.07 || (1.22 @152|| 7.68 | |(31.18||(16.27
o) %) %) %) %) ) %) %) %) %) %) %) %'] .,,;o} %;) o )
Strongly probable NA
12.9%

L J
T
Probable NA: 19.77 %

-

Possible NA:20.76 %

Fig. 2 A flowchart shows the NA ratios based on different NA indicators. The NA indicators are ordered from the top to the bottom related to
their theoretical strength regarding prognosis of a NA. All percentages relate to 1315 patients.
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outpatient prophylaxis days. Almost 21% (20.8%) of The strongest predictor of NA in all three models was
patients showed at least a possible NA (either previous NA  the type of rehabilitation (Table 4). Compared with inpa-
indicators and/or all remaining NA indicators apply) with  tient rehabilitation, patients in outpatient rehabilitation

an average of 6.0 missed injection days (SD, 6.54 days), treatment in Model 1 were approximately 5 times more
which corresponds to 39.6% of all outpatient prophylaxis  likely to have poor adherence (Model 2: 8 times more
days. If the NA threshold as a minimum number of non-  likely; Model 3: 7 times more likely). Differences also
injection days is increased to 2 or 3 days, NA rates existed with the centered duration of linking in reported
naturally decrease. However, the number of missed injec-  logistic regression models. Therefore, if the duration of
tion days for these patients increases (Fig. 3). linking increased by 1 day above the mean (from 4.24 to

NA rates (%)

25.0% -
Model 1: NA 1+ NA I
u 1 day
20.0% - A. % g g:::
15.0% -
¢ L Model 2: Model 1+ NA Il
- Ja) A 1 day
10.0% - ﬁ 2 days
o 3 days
a
5.0% - Model 3: Model 2 + NA IValb + NA V|
® 1 day
% L 2 days
0.0% T T T T T T T 1 O 3 days
4 5 6 7 8 9 10 " 12
@ days without LMWH-injection (MNA patients)

Fig. 3 A scatter diagram shows NA rates (percentage of nonadherent patients based on 1315 patients) using different NA thresholds (minimum
of noninjection days). Moreover, it shows number of average missed injection days for every indicator.

Table 4. Logistic regression models of factors associated with low or poor adherence*

Factor Number of Model 1 (NA based on Model 2 (NA based on Model 3 (NA based on Model
patients categories NA I, NA II) Model 1 + NA III) 2 + NA IVa/IVb, NA V)
OR (95% CI)'  pvalue OR (95% CD'  pvalue OR (95% CD)'  p value
Rehabilitation form

Inpatient 958 1.00* 1.00% 1.00%

Outpatient 357 4.72 (3.24-6.88) < 0.001 8.10 (5.80-11.67) < 0.001 6.83 (4.93-9.45) < 0.001
Duration of linking (days) 1315 1.05 (1.02-1.08) 0.002 1.04 (1.01-1.07) 0.011 1.05 (1.02-1.08) < 0.001
Fear of thrombosis

No 1087 1.00*

Yes 228 0.58 (0.35-0.98) 0.041
Prevention of thrombosis by drugs®

No 38 1.00%

Yes 1277 0.38 (0.17-0.86) 0.020
p Value (Hosmer and Lemeshow’s 0.254 0.020 0.767

goodness of fit chi square statistic)

* A backward elimination method was used retaining all variables considered to be potentially important; variables with p < 0.1 remained in the
final models whereas variables with p > 0.1 were removed in the stepwise backward process; fodds ratio (OR) and 95% confidence interval (CI)
derived from the three logistic models adjusting for age, gender, living circumstances, education, and clinic; freference group; “patients were
asked how much they believe drugs protect from thrombosis.
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5.24 days), the probability of NA would be 1.05 times
(95% CI, 1.02-1.08) greater than for patients with an
average number of linking days. Patients reporting fear of
thrombosis or who believed in the ability of drugs to pre-
vent thrombosis were less likely to be nonadherent.
However, these factors were significant only in Model 1
(strongly probable NA).

Discussion

The existence of guidelines for medication-based throm-
boprophylaxis is no guarantee of outpatient LMWH
adherence. This study, involving 1495 interviewed patients
and 22 clinics, is the largest empirical investigation so far
to deal with LMWH outpatient NA. Our study was con-
ducted to investigate the extent of existence of NA
(primary study objective) and to generate hypotheses
concerning which specific independent factors can explain
this NA (secondary study objective). We were able to
confirm the existence of NA and to generate hypotheses
that appear to be a promising basis for identifying the
responsible factors.

We acknowledge limitations to the study. First, we
analyzed only an injectable medication-based thrombosis
prophylaxis with LMWH after hip and knee arthroplasties.
It is possible oral thromboprophylaxis medications would
result in lower NA. However, in Europe LMWH prophy-
laxis is still the dominant form of prophylaxis [39]. Second,
we used only NA indicators that could be identified with
the help of patients. For this reason we are open to the risk
of response bias [8, 34, 59]. However, previous research
suggests an assessment of patients’ adherence based on
indirect or direct questioning on this topic is a good pre-
dictor of adherence [31, 43]. This technique regularly
overestimates adherence by a factor of 2 [26, 29, 36, 44].
This means that although our results show that at least
12.9% of patients to be nonadherent (Model 1), the real
percentage could be 20% to 30%. This matches our Model
3 where 20.8% of patients showed NA. Third, there is no
clinically based NA threshold or NA model that should be
used. That is why, in accordance with most of the previous
publications dealing with LMWH NA, we defined a patient
who was LMWH-specific nonadherent as one who missed
an LMWH injection on at least one day even though the
treating clinic had recommended such an injection.
Although it is not possible to justify our choice of three
models on the basis of clinical evidence, they have their
purpose, which is to provide multiple indicators. Fourth,
owing to cultural or other reasons, our analysis may be
specific to Germany. Nevertheless, we suspect the results
of the NA research are robust in international comparisons,
for the following reason. It can be assumed drug-related

@ Springer

outpatient prophylaxis in other countries is at least as
important as it is in Germany, because most other countries
do not have a comprehensive network of inpatient reha-
bilitation clinics. However, we have no exact knowledge
concerning linking days in other countries. Fifth, there is a
possibility the participating clinics did not reflect a repre-
sentative sample of hip and knee arthroplasty clinics in
Germany. However, the large number of clinics that par-
ticipated and the large number of patients studied leads us
to believe that our sample was representative. Sixth, the
nonresponse rate of approximately 15.6% suggests a pos-
sible selection bias. Although there were differences in age
and gender between responders and nonresponders, these
variables did not influence the NA probability of a patient.
Seventh, the basis for measuring patients’ NA were the
recommendations made by clinics. However it is possible
that in some cases the general practitioners responsible for
LMWH prescriptions in the outpatient setting might have
given different recommendations, eg, because of drug
budget constraints. In Germany, this probably is not often
the case for linking days but could have been the case
during outpatient rehabilitation, days without any rehabil-
itation, or prophylaxis days after rehabilitation.
Consequently, there is some probability that we did not
measure patients’ NA but less prophylaxis days caused by
general practitioners modifying the clinic recommenda-
tions [20].

We found a relatively high rate of NA. This finding is in
line with published studies regarding LMWH NA 1[10, 33,
35, 38, 41, 49, 54], bearing in mind our possible overes-
timation of adherence [29]. If patients are nonadherent,
they miss approximately 40% to 50% of their entire out-
patient thromboprophylaxis. Empirical research shows,
after major orthopaedic surgery, clinically relevant deep
venous thrombosis and PE occur at a median of 20 and
21 days after TKA and 12 and 34 days after THA [3, 53].
Our data show the linking period to be a critical phase. For
an average patient in our survey, the linking period started
11.37 days (SD, 2.9 days) after surgery. For the first
quartile, this period started 8.1 days after the surgery.
Whether this means that NA necessarily occurs during a
clinically critical phase was not further investigated by us.

Although our study suggests some initial indications
concerning the factors that could explain patients’ LMWH
NA, it is, in this respect, a hypothesis-generating study. We
believe these factors can contribute to the general discus-
sion regarding NA causes although the findings in NA
research are controversial [16, 45]. A more detailed
understanding of explanatory factors is essential for
development of sophisticated patient adherence programs.
In particular, factors such as the detailed recommendations
given by general practitioners [20], the patient-doctor
relationship [38], the patients’ education regarding
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thrombosis risk [41], and psychological factors describing
patients’ behavior and thinking [5, 47] require more
detailed investigation [12, 57]. Furthermore, because
patients have a preference for oral prophylaxis [55] and
because earlier studies report some adherence advantages
associated with medication regimens that are perceived to
be easy to follow [29], in contrast to the more complex
regimens commonly associated with some drugs [6, 7, 36,

Appendix 1. Participating clinics and enrolled patient numbers

48], it could be assumed patients’ adherence to oral
thromboprophylaxis regimens is greater than is the case
with LMWH prophylaxis. Whether this is the case remains
a matter for future research.

Acknowledgments We thank the participating clinics. We also
thank Stephan Obert for his contributions to this study and, above all,
for his idea to initiate the study. Finally, we thank Mrs. Dallas Reese
for proofreading and correcting the manuscript.

Participating clinic Type of clinic Interviewed Patients with need
patients of outpatient prophylaxis
Universititsklinik Friedrichsheim Acute clinic 24 11
DRK Kliniken Berlin Mitte Acute clinic 11 10
Universitdtsklinikum Greifswald Acute clinic 92 82
Charité Campus Mitte Acute clinic 77 71
Remigius-Krankenhaus Opladen Acute clinic 117 100
Asklepios Klinik Lindenlohe Acute clinic 52 42
Dietrich Bonhoeffer Klinikum Neubrandenburg Acute clinic 194 163
DRK Krankenhaus Sommerda Acute clinic 23 15
Krankenhaus Marta-Maria Acute clinic 46 42
Orthopédische Klinik Universitdt Hannover Acute clinic 32 27
Klinik am Stein Diisseldorf Outpatient rehabilitation facility 30 28
Ambulantes Reha-Centrum Dresden Outpatient rehabilitation facility 23 23
Reha Tagesklinik im Forum Pankow Outpatient rehabilitation facility 26 24
Ortho-Mobile Hattingen Outpatient rehabilitation facility 86 84
ZAR Trier Outpatient rehabilitation facility 16 15
ZAR Stuttgart Outpatient rehabilitation facility 27 27
Ortho-Med GmbH Outpatient rehabilitation facility 69 67
ZAR Miinster Outpatient rehabilitation facility 17 15
Orthopéadisches Zentrum Rothenburg Inpatient rehabilitation facility 202 187
Asklepios Klinik Bad Schwartau Inpatient rehabilitation facility 58 55
Johannesbad Raupennest Inpatient rehabilitation facility 196 170
Klinik Dr. Vétisch Inpatient rehabilitation facility 77 59
SUM 1495 1317*
* Two patients with insufficient data; 1315 patients’ data were used for nonadherence analysis.
Appendix 2. Questionnaire
No. Questions Possible answers Comment

1 How are you today?

2a  When were you released from the acute hospital?

2b  Did you stay in a rehabilitation hospital Yes/No
after the acute hospital phase?
2c¢  Did you receive outpatient rehab treatment Yes/No

after the acute hospital phase?

3 Did you experience complications following

the operation? (Unsupported) thrombosis

Fine/very critical

Date of release

Fine: continue with the interview; critical:
discontinue interview, poss. call
emergency doctor in acc. with interview
guidelines

Yes: length of stay
No: continue with 2c

Yes: length of stay

No/mild/serious/severe/special
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Appendix 2. continued

No. Questions

Possible answers

Comment

4

10

11

12

13

15

16

17

18

19

How many different medications do you take per
day? (How many tablets; capsules and
injection)

‘What medications did you receive following the
operation and after leaving the acute treatment
hospital?

How often and when were you given or gave
yourself these medications?

Have you noticed side effects—direct or
indirect—of your medications? If so; which?

Did you do anything about the side effects?

Were there any medications where you had
problems taking/ using them? If yes, with
which? What did you do?

Do you sometimes forget to take your
medications? If yes, with which medicine has
this happened since your release from the
acute hospital?

Are you sometimes careless about taking
medicine? If yes, with which medicine has this
happened since your release from the acute
hospital?

Do you sometimes decide against taking
medications if you are feeling better or well?
If yes, with which medications has this
happened with and how often over the past
weeks?

Do you sometimes decide against taking
medications if you are not feeling well? If yes,
with which medications has this happened
with and how often over the past week?

How many thrombosis syringes do you still have
at home?

Did you also receive daily thrombosis injections
during your stationary rehab treatment? If so,
who gave them to you? Were there any days
without injections?

Before going to stationary rehab, did anyone
recommend you inject yourself daily? If so,
who injected you?

Who supplied you with the syringes? How
many?

Retrospectively and in your honest opinion, if
you calculate from the day you left the acute
treatment hospital to the day you entered rehab
treatment, did you receive an injection every
day? If not, why not? On how many days did
you decide not to use an injection?

During your outpatient rehab treatment, did
anyone recommend you use an injection every
day?

Number of tablets/capsules; number of
injections

Is an NMH injection named without
prompting? (Yes/No)

Daily NMH injection named without
prompting? (Yes/No); if no: ask for
LMWH directly

Yes/No; when yes: details noted

Stopped taking medications? (Yes/No)

In particular, stopped using LMWH (w/o
prompting)? (Yes/No)

Difficulty using LMWH injections (w/o
prompting)? (Yes/No)

Forgot to take medications? (Yes/No)

In particular, has LMWH been forgotten
(w/o prompting)? (Yes/No)

Carelessness? (Yes/No)

In particular, not used LMWH injection
(w/o prompting)? (Yes/No)

Decided against medicine while feeling
improvement? (Yes/No)

In particular, decided against LMWH
injection (w/o prompting)? (Yes/No)

Decided against medicine while not
feeling well? (Yes/No)

In particular, decided against LMWH
injection (w/o prompting)? (Yes/No)

Number of syringes

Daily injections? (Yes/No) By whom?
(Nurse/Patient); days without injection.

Linking: Recommended daily injection?
(Yes/No)

Who gave the injection? (doctor or nurse/
family member/patient)

Linking: origin of the injections?
(hospital/outpatient prescription doctor/
not get a prescription/prescription is not
redeemed); Number of injections

Daily LMWH injection? (Yes/No); list
the reasons (bruises/ache/allergic
reactions/blood/changes/other);

Number of days without LMWH

Outpatient rehab: recommendation of
daily injection? (Yes/No) Who gave the
injection?

Yes: follow with 8; No: follow with 9.

Yes, stopped LMWH treatment: List
number of days without it

Yes, list the following measures and days
without LMWH treatment.

Yes, LMWH injection forgotten: How
many days without LMWH?

Yes, not used LMWH injection:
How many days without LMWH?

Yes; decided against LMWH injection:
How many days without LMWH?

Yes; decided against LMWH injection:
How many days without LMWH?

Question only for patients who had been in
stationary rehab treatment

Question only for patients with linking
between acute and stationary
rehabilitations treatment

Question only for patients with linking
between acute and stationary
rehabilitations treatment

Question only for patients with linking
between acute and stationary
rehabilitations treatment

Question only for patients in outpatient
rehabilitation
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Appendix 2. continued

No. Questions

Possible answers Comment

20

21

22

23

24

25

26

27

28

29

30

32

33

34

35
36

Who supplied you with the syringes? How
many?

Retrospectively and in your honest opinion,
during your outpatient rehab treatment did you
receive an injection every day? If not, why
not? On how many days did you decide not to
use an injection?

After your rehabilitation, did anyone recommend
you use an injection every day? For how many
days? Who injected you?

Who supplied you with the syringes? How
many?

Retrospectively and in your honest opinion, after
your inpatient rehab treatment did you—
despite mobility being good—receive a daily
injection until the last recommended day? If
not, why not? On how many days didn’t you
receive an injection?

After your acute hospital treatment: did anyone
recommend you use an injection every day?
For how many days? Who injected you?

Who supplied you with the syringes? How
many?

Retrospectively and in your honest opinion, after
your acute hospital treatment did you—despite
perhaps mobility being good—receive a daily
injection until the last recommended day? If
not, why not? On how many days didn’t you
receive an injection?

Following your operation were you afraid of
suffering from a thickening of the blood or a
thrombosis?

In your opinion, how much does having
thrombosis restrict a person in daily life?

In your opinion, how long does the treatment of
thrombosis take?

Do you believe a person can avoid thrombosis by
drinking a lot of liquids and moving a lot?

Do you believe that medications against
thrombosis give you good protection?

What do you think is the more important
measure against thrombosis: moving and
drinking or taking/using medications?

Do you suffer from chronic diseases or
handicaps?
Do you live alone?

What education have you had?

Outpatient rehab: origin of the injections?
(hospital/outpatient prescription doctor/
not get a prescription/prescription is not
redeemed); Number of injections

Daily LMWH injection? (Yes/No); list
the reasons (bruises/ache/allergic
reactions/blood/changes/other);

Number of days without LMWH

Question only for patients in outpatient
rehabilitation

Question only for patients in outpatient
rehabilitation

After rehabilitation: recommendation of
daily injection? (Yes/No) Who gave the
injection? (doctor or nurse/family
member/patient)

Question only for patients with thrombosis
prophylaxis need after inpatient
rehabilitation

After rehabilitation: origin of the
injections? (hospital/outpatient
prescription doctor/not get a
prescription/prescription is not
redeemed); Number of injections

Daily LMWH injection? (Yes/No); list
the reasons (bruises/ache/allergic
reactions/blood/changes/other);

Number of days without LMWH

uestion only for patients with thrombosis
y p
prophylaxis need after inpatient
rehabilitation

Question only for patients with thrombosis
prophylaxis need after inpatient
rehabilitation

Without rehab: recommendation of daily
injection? (Yes/No) Who gave the
injection(doctor or nurse/family
member/patient)

Question only for patients without
rehabilitation

Without rehabilitation: origin of the
injections? (hospital/outpatient
prescription doctor/not get a
prescription/prescription is not
redeemed); Number of injections

Daily LMWH injection? (Yes/No); list
the reasons (Bruises/ache/allergic
reactions/blood/changes/other);

Number of days without LMWH

Question only for patients without
rehabilitation

Question only for patients without
rehabilitation

Extremely, very, moderately, not much,
not at all

Extremely, a lot, moderately, not much,
not at all

If the answer to question 3 is especially
thrombosis: asked for experience

Very long, long, moderate amount of
time, little time, very little time

Extremely, very, moderately, not much,
not at all

Extremely, very, moderately, not much,
not at all

Moving/drinking, medications, both
(equally)

Yes/No Yes: Details

Alone/with partner/with children/other

University/vocational training/no
postschool education/other

@ Springer



Clinical Orthopaedics and Related Research®™

Wilke et al.

2450

sixe[Aydoidoquioay) jo doueyoduwr oy) Surpredar ssnip

+ — — (7) Pim SunjuupAudWaAOW (1) Jo uostredwo))
+ — — s3nip £q stsoquioIy) Jo uonuoadid Suney
SunyuLIp pue JudWAOW
+ - - ySno1y) uonuaaald SISOQUIOIY) JO JUIWISSISSY
+ — — JUSUIIEAT) SISOQUIOIY) JO UONeINp Pajewnsyg
+ — - QI AJtep ul sISoquIOIY) AQ UOTBITWI] JO JUSWISSISSY 20UBIOYPEUOY HMIATT
+ — — SISOQUIOIY) JO Jed,] ure[dxa p[nod Jeyy So[qeLIBA
+ — — o[nsdes Aq @ouaraypeuou jo jusuraroiduy
+ - - ornsdes douarojaIg
+ — — Kemyyed oanoadsar Sunmp soSuriks Jo 901n0§
+ — — Kemyjed oanoadsar Suump HMIAT Inopim skeq
+ — — (Jou 10 UONIS(UI-J[9s) sOSULIAS SULISISIUTWIPE UOSId]
+ — — Kemyped aanoadsar unnp uvonosfur Afrep Sursn
Kemyped oanoadsar
+ — — Surmp HMIAT Suisn Jo uoneInp Ioj UONEPUAUWWOIY
+ — — QUIdIpaW Jo doue[eg
HMIA'T moyia skep
+ — — Sunynsal Jo uoneudWNOOp Jurpnjour aireuuonsonb AYSLION
HMIN'T Inoyim skep
+ — — Sunynsox Surpnjout A AT Suisn ut sonnoyip [eroadg
4 — — sourdIpaW SuIsn ur saRNOYJI
HMN'T Inopim skep
+ — — Sunynsar Surpnour HMAT JO $1991J2 9pIs [erdads
+ - - QUIDIPAW JO S)0JJ9 APIS
doualaypeuou HMIA'T
+ + - uonedrdde jo wioy pue Aouanbarg pue ‘sixejAydodoquioxy)
+ + — A198msisod uaye) (s)UIdIPIIN ‘uonedrpawl Surpresar ejeq
+ + + uone[Iqeyal Jo uonemp pue Juruuiseg
+ + + eadsoy onoe ur Aejs 1oiye uonel[iqeyal jo adA 1,
+ + + endsoy enoe woiy o51eyosip jo Keq
+ + + uonerado jo Aeq
+ + - suoned1duwod Jo 20UALINIIQ Kemyped sxejdydosdoquoyy
+ + + K1931ns jo odA, -HMINT 2y Suipre3ar eieq
+ — — uoneONpa Jo [9Ad]
4 — — JUSWUOIIAUD [BIO0S
+ — - 9sBASIP JIUOIYD)
+ + + 15pusn
+ + + a8y eyep oryderSowoporoog
(STET = W) HMIN'T (LT = u) HMIN'T (91 =w
pue Kemyyed JO peejsul uone[nIeodnue [BIo ng Kemyed juonedino
juanedino YIm 99MITATIIU] Kemyped juonedino M 99MITAIIU] JNOYIIM IMIIAIU] JIqeLIe A K103918)

KoAIns 9y ur pajod[[od e ‘¢ xipuaddy

pringer

A's



Volume 468, Number 9, September 2010

Nonadherence in Outpatient LMWH Thromboprophylaxis

2451

Patientis unableto
accomplishthe

Overall state of

health ofpatient End ofinteriew

interview
Patientis ableto accomplish
interview
Patient characteristics =
and documentation N"{g&"f:‘):? End ofinterview
patient's pathway prapay

Outpatient prophylaxs

Veritying: taken
prophylaxisdrugs

Patient did not get

LMWH End ofinterdew

Patient got LMWH st least at
some days during prophylaxs

General side effects
and difficuttiesin
applying medicatiol

Patient mentions
LMWH

Patient didn't

-0

Detailed questionsabout
difficulieswith LMWH
injections

|

mention LMWH

JMorisky'guestionnaire (not focused in LMWH —general questions) +syringe count+prophylaxis during inpatient trestment ]

Patient with
linking?

[ | [Yoo ]

Patient
with inpatient rehab

and need of
postrehab
prophylaxs

Recommended duration of
prophylaxisatter acute
hospital stay?

Did patient get dailyinjection?
oinjected?

Source ofsyringes?
Number ofprescribed
syringes?

Howmany syringes still
available?

Recommended duration of
prophylacdsduring linking
days?

Did patient get dailyinjection?
Who injected?

Source ofsyringes?

Number ofprescribed
syringes?

Howmany syringes still
available?

Recommended duration of
prophylaxsduring outpatient
rehab?

Did patient get dailyinjection?
Who injected?

Source ofsyringes?

Number ofprescribed
syringes?

Howmany syringes still
available?
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